The Erzgebirge-Krušné hory area is part of the NW flank of the Eger-Ohře Rift. Within this rift-related area, basaltic rocks with low (< 3.5 wt. %) and high contents (> 3.5 wt. %) of TiO 2 occur. The distribution of these basaltic rock types shows strong spatial dependency. Ti-rich basalts are concentrated in the western Erzgebirge-Krušné hory Mts. with a sharp change at longitude 13.3 °E. Clinopyroxene and olivine are the most abundant phenocrysts. The zoning and chemistry of the clinopyroxene act as a recorder of the different stages of the magmatic plumbing systems. Seven different types of clinopyroxene phenocrysts are defined with four distinct chemical types: Cr-rich clinopyroxene, green-core pyroxene, Mg-rich clinopyroxene and finely zoned Ti-rich clinopyroxene with sector zoning. Chemical and petrographic analysis of individual zones within clinopyroxenes allows the qualitative description of distinct steps of the multistage, regionally diverse processes yielding to the formation of both Ti-rich basalts in the W as well as Ti-poor basalts in the E. Two different types of asthenospheric melts are suggested, with increased activities of H 2 O and potassium in the western Erzgebirge Mts. During ascent they incorporated xenoliths and xenocrysts of both the mantle (peridotite, olivine and Cr-rich clinopyroxene) and the crustal (granitic and gneissic rocks, quartz and feldspar) origin. Furthermore, green cores of clinopyroxene were introduced into the magmas. Fractionation processes took place within lithospheric magma chambers, having been accompanied by reaction of xenocrysts and xenoliths with the melt. The residence time in the magma chambers associated with the eastern and western parts of the Erzgebirge appears to have been totally different: short in the eastern and long in the western parts. Within the latter, no mantle-derived xenoliths, xenocrysts, or magmatic olivines are found. It is inferred that these xenoliths and crystals settled to the bottom of the magma chambers forming cumulates and therefore did not come to the surface. In contrast, the basaltic rocks of the East still contain mantle-derived xenoliths and xenocrysts as well as magmatic olivine. The size and amount of clinopyroxene phenocrysts in the West significantly exceed that of the East. Moreover, the crystallization of giant clinopyroxenes was restricted to the western region. Mixing of the magmas with Ti-rich melts, presumably derived from an eclogitic source, took place in crustal magma chambers. In any case, the proportion of Ti-rich melts in the West significantly exceeded that of the East.
Introduction
Despite the eye-catching geochemical character of 'Tirich basalts' it is unclear if this feature is a vagary of nature or an important geochemical fingerprint able to discriminate between different source regions of basaltic rocks. Besides well known High-Ti basalts from the moon (Papike et al. 1976; Papike and Vaniman 1978) , which have no terrestrial equivalent, High-Ti basalts are found in different geotectonic settings, such as Continental Flood Basalts (CFB), Large Igneous Provinces (LIP) (Gibson et al. 1995) , or rift-like intraplate settings (Pik et al. 1998) . The occurrence of such basalts is not restricted to lavas; they appear also in dike systems (Essawy and El-Metwally 1999; Katzir et al. 2006 ) and intrusions of gabbroic rocks (Jama Aden and Frizzo 1996) . Their age spans from the Archaean to recent. The origin in each of the geotectonic environments remains controversial. The proposed explanations in LIPs range from a high degree of fractionation (Fodor 1987) , low degree of partial melting (Dupuy et al. 1988) , crustal contamination (Fodor 1987) , to the influence of subcontinental lithosphere mobilized by subduction (Duncan 1987; Murphy 1988) . It is assumed that the effect of mantle plumes is the main cause for the genesis of Ti-rich rocks in rift-like settings (Pik et al. 2006) .
A qualitative approach to understanding petrological processes responsible for the genesis of Ti-rich basalts through the comprehensive study of the microstructure and mineral chemistry of clinopyroxene is demonstrated in the current paper. As a case study have been chosen Cenozoic basaltic rocks from the Eger-Ohře Rift (Erzgebirge-Krušné hory Mts, Bohemian Massif). Although we do not present a complete genetic model, this study does provide a basis for understanding the nature and genesis of the high-Ti basalts, both in this region and elsewhere.
Geological setting
According to Prodehl et al.(1995) the Eger-Ohře Rift, as part of the European Cenozoic Rift System (ECRS), is one of the major extensional structures in Central Europe. The structure itself is situated in Proterozoic to Paleozoic basement rocks of the Bohemian Massif (Malkovský 1987; Mlčoch and Konopásek 2010) and shows an elongation of roughly 300 km and a width up to ~ 30 km. The western part of the Eger Rift lies on a Variscan suture zone between two lithospheric blocks: the Saxothuringian and the Teplá-Barrandian terranes (Hrubcová et al. 2005; Babuška et al. 2007 ). The thermal thickness of the lithosphere at the level of the 1 300 °C isotherm has been modelled to be 110-170 km, whereas the mechanical thickness is only 65-90 km (Babuška and Plomerová 1992; Goes et al. 2000) . Plomerová et al. (2007) with Babuška and Plomerová (this volume) found clear differences in the orientations of seismic anisotropy in the three major tectonic units (Saxothuringian, Moldanubian and Teplá-Barrandian), but no signs for the existence of plume-like structures in the mantle. The region shows evidence for repeated magmatic phases before the Tertiary but most of the Eger Rift lavas erupted between 30 and 15 Ma both within the rift and on its NW flank (Todt and Lippolt 1975; Pilot et al. 1984; Kaiser and Pilot 1986; Ulrych et al. 2002) .
The NW-flank of the western part of the Eger Rift lies in the Erzgebirge-Krušné hory Mts. part of the Saxothuringian Zone of the Bohemian Massif, which is known to host volcanic rocks with distinct differences in the TiO 2 contents (Pfeiffer 1978; Niese et al. 1995; Shrbený 1995; Ulrych et al. 2005; Haase and Renno 2008) . Detailed studies of the mineral chemistry of clinopyroxene in the basaltic rocks of the Eger Rift are rare so far (Ulrych 1986; Ulrych et al. 1990; Rapprich 2005) and the current manuscript aims to bring new data in this respect.
Sampling and methods
The first step of sampling was the verification of all outcrops of basaltic rocks evinced in the 1 : 25 000 geo- logical maps of the German part of the Erzgebirge. The eventual sampling covered 27 localities (Tab. 1 and Fig  1) . The samples were selected on the basis of the majorelement composition, i.e. only primitive rock types were chosen. Fresh pieces were cut and washed in distilled water and an ultrasonic bath before crushing. The crushed rock sample was milled to powder in an agate ball mill. Whole-rock major-element analyses were measured with a Bruker "Tiger S8" X-ray fluorescence spectrometer at the Institut für Mineralogie, TU Bergakademie Freiberg using rock standards for calibration and quality control.
Mineral analyses were carried out using a JEOL JXA8900 electron microprobe at the Institut für Mineralogie, TU Bergakademie Freiberg. The analytical conditions for the minerals were an accelerating voltage of 15 keV, a beam current of 30 nA and a focused beam. Counting times were 20-50 s for peak and 10-25 s for background positions. An accelerating voltage of 20 keV and a beam current of 40 nA were used for X-ray concentration maps and concentration profiles. Natural mineral standards and the ZAF matrix correction was employed.
All data were visualized using the GCDkit software package (Janoušek et al. 2006 ).
Geochemistry
Representative whole-rock analyses of the lavas are presented in Tab. 1. All the analyzed basaltic rocks represent truly alkali basaltic rocks, mostly basanites and melanephelinites (Supp. 1), according to the total alkali vs. SiO 2 (TAS) classification scheme of Le Bas et al. (1986) and Le Maitre et al. (2005) . We stuck to the proposals of Le Bas (1989) and Middlemost (1994) for further discrimination between basanite/tephrite and nephelinite/ melanephelinite (Fig. 2) .
Major elements and trace elements
All samples form a continuous trend with decreasing TiO 2 , FeO T , and CaO and increasing MgO, and Al 2 O 3 with increasing SiO 2 (Fig. 3a-d (Fig. 3f) . Some trace elements (e.g. Nb, V, and Zr) are positively correlated with TiO 2 (Fig. 3g and Supp. 2), whereas the ratio CaO/Al 2 O 3 shows a clear splitting at c. 3.5 wt. % TiO 2 (Fig. 3h ).
Regional variation
A striking feature is the regional dichotomy in wholerock compositions of basalts from the eastern and western Erzgebirge. At a longitude of 13.3 °E we observed an abrupt change (Supp. 3), best exemplified by TiO 2 (Fig. 4) 
Petrography
The petrography of all samples was described in detail by Rönick (2010) . The main features are compiled in Supp. 1.
Groundmass
All rocks show a porphyritic microstructure with a fine-grained groundmass. This groundmass consists of small, elongate clinopyroxene and isometric opaque minerals. Some lavas show flow patterns or schlieren-like inhomogeneities. Additionally minerals of the sodalite-group, nepheline, perovskite, and analcime occur, predominantly in the rocks from the western part of the Erzgebirge. Lath-shaped plagioclase is typical of the lavas from the eastern Erzgebirge. Apatite is a common component of the groundmass, but can in some cases reach the size of a phenocryst. Tiny flakes of biotite (c. 0.02 mm) are found in many samples from both the eastern and the western Erzgebirge.
Phenocrysts
The most common phenocrysts are clinopyroxene and olivine; amphibole and biotite are of subordinate importance.
Olivine
Olivine is found almost exclusively in lavas from the eastern Erzgebirge and forms the main constituent of the phenocrysts in these rocks. Most of the olivine 
Clinopyroxene
Generally, seven types of clinopyroxene phenocrysts occur in the studied rocks, of which six are shown in Fig. 5 . Every type is characterized by the crystallization of an "outermost overgrowth" (OMG) of beige-brownish colour showing intense internal oscillatory zoning and sector growth features. Type 1 Clinopyroxene with a light beige core (LBC) of subhedral to anhedral shape. The internal structure of the core shows dissolution features and reaction rims. These cores are always overgrown by the OMG. Type 2 Similar features like Type 1 and additionally a thin fringe around the anhedral central core characterized by a weaker BSE intensity. Type 3 Typical green-core clinopyroxenes (GcCpx) as noted by several authors (Huckenholz 1964 (Huckenholz , 1965 (Huckenholz , 1966 Duda and Schmincke 1985) with a size between 0.2 and 2 mm. The central green cores are anhedral and show dissolution features and reaction rims; in very rare cases these cores are zoned. The first overgrowth is by a LBCtype pyroxene followed by the OMG-type. The thickness of the respective zones varies. Type 4 These form the smallest phenocrysts (0.5 mm) and show internal oscillatory zoning combined with sector zoning features. According to the mineral chemistry (see below) these phenocrysts belong to the OMG-type. Type 5 Anhedral Cr-rich cores characterize this type as demonstrated by EMPA (see below) and show low BSE intensity (CrCpx). The first overgrowth is by the LBCtype followed by the OMG-generation. It is restricted to lavas from the eastern Erzgebirge. Type 6 Shows the same features as type 5, but is overgrown merely by the OMG-type. Type 7 This forms the so called "giant clinopyroxenes" (GCpx), reaching sizes of several centimetres, similar to the LBC-type. These megacrysts are overgrown by a very thin rim of the OMG-type and restricted to the western Erzgebirge.
Biotite
Biotite phenocrysts, up to 2 cm across, occur in some samples from the western Erzgebirge. These have an anhedral, rounded shape and show signs of bending and kinking. Reaction rims formed at the grain boundaries. The LBC is overgrown by the OMG-type Cpx; b -Type 2 resembling the Type 1 but showing additionally a thin fringe around the anhedral LBC core characterized by weaker BSE intensity; c -Type 3 is a typical green-core clinopyroxene (GcCpx). The green core is anhedral and shows effects of resorption and a reaction rim. The first overgrowth is by a LBC-type followed by the OMG-type clinopyroxene. The thickness of the individual zones varies; d -Type 4 forms the smallest phenocrysts and shows internal oscillatory zoning combined with sector growth features. These phenocrysts belong exclusively to the OMG-type; e -Type 5 characterized by anhedral Cr-rich core (CrCpx) with low BSE intensity. The first overgrowth is by the LBC-type followed by the OMG-generation; f -Type 6 shows the same features like Type 5 but is overgrown merely by the OMG-type. Inclusions of opaque minerals and clinopyroxene are rare. Some of these biotites are intergrown with GCpx.
OMG

Amphibole
Two samples carry brownish-green subhedral amphibole crystals. These amphiboles are heterogeneous, but show no clear signs of zoning. Typical are inclusions of opaque minerals.
Xenoliths and xenocrysts
Many samples contain xenoliths and xenocrysts of crustal (granitoid, gneiss, and sandstone) and mantle origin (spinel lherzolite). The occurrence of mantle-derived material is restricted to samples from the eastern Erzgebirge.
Crystal chemistry of clinopyroxene
We analyzed 1236 points of the following clinopyroxene types (Tab. 2 and Supp. 4): OMG, groundmass clinopyroxene (GMCpx), GCpx, GcCpx, CrCpx and LBC.
In the conventional IMA classification diagram Morimoto (1988) the compositions of the studied clinopyroxenes plot almost exclusively in the diopside field (Fig. 6 ) and in the "forbidden" field with Wo > 50. In detail, the differences between the individual types are shown in the Mg# versus Si diagram (Fig. 7) . The GcCpx have distinctive compositions, richest in iron (some crystals were classified as hedenbergite) and with very low Ti (c. 0.05 apfu) and relatively high Na (c. 0.11 apfu). The CrCpx show the highest Mg# (> 87) and Cr 2 O 3 contents (up to 0.8 wt. %), and the same enriched Na values like the GcCpx. The LBC and GCpx combine relatively high MgO contents (13-15.1 wt. %) with comparably low Al 2 O 3 and FeO concentrations (c. 5.5 and 5.7 wt. % respectively). The TiO 2 contents are generally lower than those of the OMG and GMCpx (c. 2 wt. %). Both types show the same crystal chemical features with the highest TiO 2 and Al 2 O 3 , accompanied by moderate MgO and FeO contents. It has to be stressed that the compositional ranges for individual samples of the given clinopyroxene type may, and often do, overlap significantly with the 
Discussion
The respective chemical and microstructural data for the clinopyroxene phenocrysts bear a witness of multistage, regionally diverse processes leading to the formation of the Ti-rich as well as Ti-poor basalts in the western and eastern Erzgebirge. It is impossible to constrain rates and mass balances with the data available. In particular, we lack high-resolution age determinations of the lavas as well as trace-element and isotope data for the clinopyroxene. Therefore the following hypothesis remains a tentative one. The presumed origin and evolution of the basaltic rocks in the eastern and western Erzgebirge are summarized in Fig. 9 .
The first step was the generation of asthenospheric melts (S1 and S1*) probably from mantle regions with enhanced activities of H 2 O and potassium for the western Erzgebirge, as can be seen from the formation of amphibole and biotite phenocrysts limited to this region.
The chemical characteristics of the CrCpx are very similar to data from clinopyroxenes of peridotite xenoliths found in some basalts of the eastern Erzgebirge (A. Renno, unpublished data) . Together with xenolithic olivine crystals and mantle-derived peridotite xenoliths, these clinopyroxene crystals were incorporated into the asthenospheric primitive melts S1 and S1* rising rapidly to transient magma chambers or directly to the surface.
The genesis of GcCpx is uncertain with several possibilities: (1) crystallization from a geochemically evolved alkaline melt in the upper mantle (Tappe 2004), (2) nucleation from quartz-bearing magmas in a crustal magma chamber (Bédard et al 1988) or (3) formation at the crust-mantle-boundary (Duda and Schmincke 1985) . A multistage process involving crystallization from a melt and subsequent reaction with another melt of contrasting composition seems highly probable. We suggest that these GcCpx were incorporated as xenocrysts into the first magma batches stored in the lithospheric mantle chambers (M1A and M1b). They have reacted with the melts S1 and S1*, whereby they were overgrown by the LBC. Simultaneously, the LBC formed independent, newly grown crystals in these magma chambers. The residence time in the magma chambers associated with the eastern and western parts of the Erzgebirge appears to have been totally different. A short residence demonstrated by the occurrence of mantle-derived xenoliths and xenocrysts in the eastern part (M1a) is in contrast with the western part, where long residence times presumably allowed the settling with complete removal of such xenoliths and xenocrysts as well as the formation of the GCpx in M1b.
The fractionated melts S2a and S2b rose to the shallower magma chambers M2a and M2b, situated probably at a crustal level. These areas appear to be locations of intense magma mixing of the melts S2a or S2b with Ti-rich melts S3a and S3b. The existence of these Ti-rich melts in both parts of the Erzgebirge is demonstrated by the crystallization of the chemically mutually identical OMG and GMCpx phases. The LBC, GCpx, GcCpx, biotite phenocrysts and the mantle-derived olivine xenocrysts all reacted with the newly formed melt. The existence of schlieren-like heterogeneities in the groundmass of some of the lavas suggests that these mixing processes lasted for considerable time and were themselves multistage in character. The geochemical differences among the basaltic rocks demonstrate the significantly lower involvement of the hypothetical Ti-rich melt S3a in these mixing processes in the east.
The ultimate origin of the Ti-rich melts S3a and S3b remains unexplained. Eclogite-derived melts appear as a viable possibility. Melting experiments e.g., by Klemme et al. (2002) showed that the partial melting of eclogite at temperatures similar to, or exceeding 1300 °C and a pressure of 3 GPa could yield melts enriched in Ti and Na. Eclogites derived from subducted oceanic crust represent an important component of the Saxothuringian lithosphere, as demonstrated by the common presence of exhumed eclogites in the upper crust (e.g., Schmädicke et al. 1992; Konopásek and Schulmann 2005) . The mixing of these very hot melts with the S1 and S2 magmas in the shallow magma chambers should have triggered the resorption of the GcCpx and the LCB as well as the assimilation of continental crustal material. Indeed, the crustal contamination (biotite flakes and crustal xenoliths) was likely coeval with the mixing in the magma chambers M2a and M2b.
Conclusions
The synopsis of the petrographic, microstructural and chemical features of several types of clinopyroxenes from cenozoic basaltic rocks in the eastern and the western Erzgebirge demonstrated that the origin of the parental Ti-poor and Ti-rich basaltic melts was a multistage process. At least three different melts were involved in fractionation, assimilation and magma-mixing in two magma chamber systems at different depths, in the lithospheric mantle and in the crust. Fig. 9 Tentative model for the formation of the basaltic rocks in the western (W, labelled by 'a') and eastern (E, labelled by 'b') Erzgebirge, respectively. S1 = primary asthenospheric melt (E Erzgebirge); S1* = primary asthenospheric melt with higher a H2O and a K (W Erzgebirge); S2a, S2b = fractionated melts from the first magma chamber system in the lithospheric mantle; S3a, S3b = eclogite-derived melts; M1a, M1b = first magma chamber in the lithospheric mantle; M2a, M2b = second (crustal) magma chamber systems.
between the eastern and western Erzgebirge basaltic rocks is interpreted by differences in the residence time of the parental magmas in the transient magma chambers, as well as variable mixing with hot Ti-rich melts, possibly derived from an eclogitic source.
